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GE 0-ALTITUDE COORDINATES 
OF VERTICAL POSITIONS 
i John C.  Bellamy June 1971 
This information c i r c u l a r  i s  one of a  cont inuing s e r i e s  concerned 
with means of coord ina t ing  sepa ra t e ly  organized opera t ions  with r e spec t  
t o  each o t h e r  and with r e spec t  t o  t he  c h a r a c t e r i s t i c  f e a t u r e s  of the  
Earth-centered Geosphere. This p a r t i c u l a r  a r t i c l e  i s  concerned with 
the  coord ina t ion  of the  v e r t i c a l  p o s i t i o n s  of th ings  i n  meteorological ,  
a e ronau t i ca l  and ae rospace - f l i gh t  opera t ions .  
Many of t he  b a s i c  concepts upon wh h t h i s  a r t i c l e  i s  based were 
f i r s t  conceived i n  work under Grant No.%&-W3=+y the  National  # M E R - ~ ~ - ~ ~ ' ~ ' '  
Aeronautics and Space Administrat ion f o r  an  Orb i t a l  Operations Study. 
I t s  pub l i ca t ion  i n  t h i s  form serves  a s  a  p a r t i a l  f u l f i l l m e n t  of the  
terms of t h a t  gran t  and a s  a  p r e p r i n t  f o r  i t s  subsequent pub l i ca t ion  
i n  a s u i t a b l e  journa l .  
PROPOSED GEO-ALTITUDE COORDINATES 
OF VERTICAL POSITIONS 
AB STRAC T 
l rGeo-Alt i tudel l  c o o r d i n a t e s  of geometr ic  h e i g h t ,  p r e s s u r e ,  
t empera tu re ,  d e n s i t y  and p o t e n t i a l  energy  l e v e l s  i n  and o f  t h e  
E a r t h ' s  atmosphere a r e  d e f i n e d  h e r e i n  i n  terms o f  a  g e n e r a l i z e d  
concept  o f  an  " I d e a l  Geo-Atmosphere". Th i s  s i m p l i f i e d  Standard 
Reference Atmosphere u t i l i z e s  t h e  newly formulated Geospher ic  
System o f  U n i t s  f o r  c o o r d i n a t i n g  t h e  space- t ime p o s i t i o n s ,  s i z e s  
and amounts of t h i n g s  throughout  t h e  Ear th -cen te red  r e g i o n  of 
t h e  u n i v e r s e .  It i s  i n t e n d e d  p r i m a r i l y  t o  p r o v i d e  f o r  c o o r d i n a t i n g  
m e t e o r o l o g i c a l  and a e r o n a u t i c a l  p r a c t i c e s  throughout  t h e  world.  
PROPOSED GEO-ALTITUDE COORDINATES 
OF VERTICAL POSITIONS 
1. Introduction 
A serious lack of coordination currently~exists between meteoro- 
logical and aeronautical practices. For example, the constant pressure 
levels of the atmosphere are identified with numbers of the metric 
system's -- millibar units of pressure in current meteorological practice, 
but with numbers of - feet of the pressure-altitude measure of pressure 
in the aeronautical practices of even most of the otherwise "metric" 
covntries of the world. As a consequence, mereorological charts are 
now drawn for levels such as at 700, 500 and 400 millibars, or for 
pressure-altitudes of about 9,882, 18,280, and 23,574 feet for which 
no flyer could or would wish to obtain a clearance to fly. Conversely, 
the effective utilization of aircraft observations of the state of the 
atmosphere is currently forestalled largely by the difficulty of relat- 
ing them to those particular meteorological mapping levels. 
It is especially noteworthy in this regard that the use of numbers 
of feet of pressure-altitude is of life and death importance to every- 
one who flys. If, for example, aircraft altimeters were to indicate 
numbers of millibars, it would be virtually impossible for pilots to 
relate them to the charted numbers of feet of elevation of the solid 
terrain over which they and their passengers wish to fly. Rather, the 
development of safe all-weather flying is attributable largely to the 
evolution of the pressure-altitude measure of atmospheric pressures: 
o Numbers of feet of which correspond to numbers of feet of 
geometric elevation above mean sea level with sufficient 
precision for most enroute flying; and 
o To which small residual "D-valve" differences from geometric 
elevations are automatically added by "setting" pressure- 
altimeters with appropriate "altimeter settings" for specific 
places and times. 
It was also shown in 1945") that the use of such residual D-value 
differences between the geometric and barometric kinds of "altitude" 
would be very advantageous from a meteorological point of view. As 
pointed out in 1963(~), however, neither the English - foot nor the metric 
system's meter unit of length is suitable for evaluating such "altitude" 
-
(2) coordinates of vertical positioqs. Rather, it was suggested in 1963 , 
1964'~) and 1967'~) th.at this coordinative problem might well be solved 
by ptilizing a "naqtical foot" unit of length - of which exactly 6,000 
instead of about 6,078 English feet would be contained in the nautical 
mile unit of length. 
Continued investigations of this units problem has resulted in a 
compani~n article(5) on the "Environmental Aspects of the Units Problem". 
The evolution of the metric units of measure into the International 
System of "SI Units" is seen there to have provjded a medium of exchange 
for quantitative measures of any and all physical qualities; much as the 
dollar provides a medium of exchange for evaluating the worth of things. 
The International System of Units is thus also seen to serve primarily 
as a definitive means toward more specifically useful quantitative and 
qualitative ends - of which the coordination of the space-time positions, 
unit-amounts and unit-sizes of things in and of the Earth-centered or 
Geospheric region of the universe could very well be served by a newly 
formulated Geospheric System of Units. 
This Geospheric System of "Geounits" essentially consists of a 
continued subdivision of the common Earth-related coordinates of time 
and angular positions down to the personally-related foot-like and thumb- 
width scale-sizes of things. As summarized in the appended fly-sheet, 
it also takes full advantage of the extremely fortunate circumstance 
that very nearly 100 times the length of anyone's and everyonePs foot 
happens to be contained in the length' of one second of great-circle 
arc anywhere and everywhere on the surface of the Earth. 
The Geospheric System of Units  thereby o f f e r s  a smoothly evolu- 
t i ona ry  means of so lv ing  many of our cu r r en t  u n i t s  problems - of which 
the  coord ina t ion  of the  v e r t i c a l  p o s i t i o n s  of th ings  i n  and of the 
atmosphere i s  one of the most c r i t i c a l l y  important.  The f u l l  advantage 
of i t s  " g e o u n i t ~ "  f o r  t h i s  purpose can be r e a l i z e d ,  however, only i f  
they a r e  a l s o  u t i l i z e d  t o  def ine  the  seve ra l  d i f f e r e n t  qualitative kinds 
of "Gee-Altitude" i n  terms of a corresponding " Idea l  Geo-Atmosphere" 
cqunterpar t  of previous Standard Atmospheres. 
Such an I d e a l  Geo-Atmosphere can we l l  be defined t o  be t h e  gaseous 
p a r t  of an  I d e a l  Geosphere 3s s p e c i f i e d  i n  the  appended f ly - shee t .  
Following the  l ead  of previous Standard Atmospheres, i t  i s  simply and 
u s e f u l l y  conceived t o  c o n s i s t  of an I d e a l  Gas whose p re s su re ,  p,  
temperature,  T, and dens i ty ,  p, a r e  i n t e r r e l a t e d  anywhere and every- 
where by the  equat iqn 
p = pRT (1) 
The inva r i ab l e  gas cons tan t ,  R,  i n  t h i s  equat ion i s  def ined t o  be the  
r a t i o  
R = ~ o / ~ o T o  (2)  
of s u i t a b l y  s e l e c t e d  and assigned values po, po and To of i t s  p re s su re ,  
d e n s i t y  and temperature a t  any and a l l  ho r i zon ta l  p o s i t i o n s  9f i t s  zero- 
a l t i t u d e  l e v e l .  
The r a t e  of change, dp/dA, of pressure  wi th  r e spec t  t o  a l t i t u d e ,  A, 
anywhere and everywhere i n  t h i s  I d e a l  Atmosphere i s  a l s o  conceived t o  be 
i n  h y d r o s t a t i c  equi l ibr ipm with an i d e a l l y  def ined f i e l d  of g r a v i t a t i o n a l  
a c c e l e r a t i o n ,  g, i n  accordance with the d i f f e r e n t i a l  equat ion 
dp/dA = - pg ( 3  
Incremental changes of i t s  preqsure,  dp, and a l t i t u d e ,  dA, a r e  thereby 
defined t o  be i n t e r r e l a t e d  by the  equat ion  
dp/p = -(g/RT)dA ( 4 )  
i n  which values of T and g a r e  i d e a l l y  conceived t o  vary only i n  the  
v e r t i c a l  d i r e c t i o n  - o r  hence t o  be cons tan t  throughout each of i t s  
c o n s t a n t - a l t i t u d e  and /or  c o i n c i d e n t  c o n s t a n t - p r e s s u r e ,  c o n s t a n t -  
t empera tu re ,  c o n s t a n t - d e n s i t y ,  c o n s t a n t - p o t e n t i a l - e n e r g y ,  e t c .  l e v e l s .  
Also fo l lowing  t h e  l e a d  of p r e v i q u s  Standard Atmospheres, t h e  I d e a l  
Geo-Atmosphere i s  u s e f u l l y  conceived t o  be s t r a t i f i e d  i n t o  l a y e r s  - i n  
each of which t h e  t empera tu re ,  T,  i s  l i n e a r l y  r e l a t e d  t o  a l t i t u d e ,  A,  
and an  a s s i g n e d  t empera tu re  Ti a t  a  p a r t i c u l a r  a l t i t u d e  Ai i n  accordance 
w i t h  
T = Ti + &(A-Ai) (5) 
The l a p s e  r a t e  L = dT/dA i n  t h i s  e q u a t i o n  has  a  s u i t a b l y  s e l e c t e d  and 
a s s i g n e d  c o n s t a n t  numer ica l  v a l u e  f o r  each suoh " i - t h "  l a y e r  a s  s p e c i -  
f i e d  i n  Table  1. I n  a d d i t i o n ,  t h e  I d e a l  Geosphere ' s  f i e l d  of g r a v i t a -  
t i o n a l  a c c e l e r a t i o n  
2 2 g = goro / r  ( 6 )  
i s  s imply conceived and d e f i n e d  t o  va ry  i n v e r s e l y  a s  t h e  square  of t h e  
r a d i a l  d i s t a n c e  
r = ro+A ( 7 )  
of  any p a r t i c u l a r  altitude, A ,  i n  and of t h e  atmosphere above i t s  zero-  
a l t i t u d e  l e v e l  a t  a r a d i u s  ro  - throughout  which g  h a s  a  s u i t a b l y  
s e l e c t e d  and d e f i n e d  c o n s t a n t  v a l u e  o f  g  = go. 
These d e f i n i t i o n s  p r o v i d e  f o r  i n t e g r a t i n g  Equat ion 4, which can 
the reby  be w r i t t e n  a s  
I n  t h e  s p e c i a l  c a s e  of an  i s o t h e r m a l  " i - th"  l a y e r  i n  which L=O, t h e  
i n t e g r a t i o n  of Equat ion 8 from t h e  l e v e l  (pi, r i )  t o  a  l e v e l  ( p , r )  
p r o v i d e s  t h e  a l g e b r a i c  e q u a t i o n s  
2 
ro l o g  e  . r-ri 
l o g  pipi = - 
RT i rri 
g o l o g e  . A-Ai 
l o g  p ip i  = - ~ T ~ ( l + A ~ / r o )  l + A / r o  
For t h e s e  l a y e r s  i n  which L i s  n o t  z e r o ,  i t  i s  conven ien t  t o  
i n t r o d u c e  t h e  a l t i t u d e  
h  = ( r i  - T ~ / L )  - ro (11) 
a t  which t h e  l i n e a r l y  e x t r a p o l a t e d  t empera tu re  would reach  ze ro .  
Equat ion 8 then  becomes 
2 
2!P = - gore . d r  
P RL r d ( r - r o - h )  (12) 
I n t e g r a t i n g  from t h e  l e v e l  (pi, r i )  a t  which T=Ti t o  t h e  l e v e l  ( p , r )  
a t  which T=Ti+L(r-ri) then  y i e l d s  t h e  a l g e b r a i c  e q u a t i o n s  
o r  l o g  E = - R n T(l+Ai /r,) pi  ~ ~ ( r , - t h / r , ) '  log ~ ~ ( l + A / r , )  
l o g  e  A-A 
+ RL(l+h/::)(l+Ai/ro)r~ ~+A/:o 
Equat ions  1 0  and 14,  t o g e t h e r  w i t h  t h e  ass ignment  of numerical  
v a l u e s  of t h e i r  c o n s t a n t s  a s  s p e c i f i e d  i n  Tab les  1 and 2, p r o v i d e  t h e  
d e f i n i t i v e  e q u a t i o n s  l i s t e d  i n  Table  2 f o r  t h e  p r e s s u r e s ,  p, a t  any and 
a l l  a l t i t u d e s ,  A i n  t h i s  i d e a l l y  conceived Geo-Atmosphere. Equat ion 1 
t h e n  a l s o  p r o v i d e s  f o r  computing t h e  i d e a l l y  d e f i n e d  d e n s i t y  a t  any such 
a l t i t u d e  from those  v a l u e s  o f  p r e s s u r e  and t h e  d e f i n e d  v e r t i c a l  d i s t r i b u -  
t i o n  of temperature .  
Each such " h o r i z o n t a l "  c o n s t a n t - a l t i t u d e ,  c o n s t a n t - p r e s s u r e  and 
c o n s t a n t - d e n s i t y  s u r f a c e  of t h i s  I d e a l  Geo-Atmosphere i s  a l s o  u s e f u l l y  
conceived t o  be a  c o n s t a n t  p o t e n t i a l - e n e r g y  s u r f a c e ,  t h e  numerical  
v a l u e s ,  @, of which can w e l l  be  d e f i n e d  t o  be t h e  work r e q u i r e d  t o  l i f t  
a  u n i t  amount of mass, 'M, from i t s  z e r o - a l t i t u d e  l e v e l  a g a i n s t  t h e  
a c c e l e r a t i o n  of g r a v i t y  d e f i n e d  i n  Equat ions  6 and 7, o r  hence t o  be 
g iven  by 
3. Geounits of A l t i t u d e  
These de f in ing  equat ions  and numerical cons t an t s  have been 
purposefu l ly  s e l e c t e d  t o  make the  coord ina t ion  of v e r t i c a l  pos i t i ons  
with r e spec t  t o  t he  r e s u l t i n g  d e f i n i t i o n s  of the  seve ra l  d i f f e r e n t  
kinds of " a l t i t u d e "  a s  u s e f u l l y  convenient a s  poss ib l e .  Toward t h i s  
coord ina t ive  end, they have been def ined  i n  terms of a s  simply and 
memorably conceived round-numbers a s  p r a c t i c a b l e  of the  "geomile" 
coun te rpa r t  of t he  " n a u t i c a l  mile" with which ho r i zon ta l  space-time 
p o s i t i o n s  can wel l  be and l a r g e l y  a r e  coordinated throughout the  world. 
This "geomile" u n i t  of length  b a s i c a l l y  provides f o r  maximum 
use fu l  convenience of coord ina t ing  ho r i zon ta l  d i s t ances  wi th  r e spec t  
t o  numbers of angular  minutes of l a t i t u d e s ,  longi tudes  and g r e a t - c i r c l e  
a r c s  on the  su r f ace  of t he  Earth - and thereby a l s o  wi th  r e spec t  t o  the  
numbers of the  4-second u n i t s  of mean s o l a r  o r  s i d e r e a l  time during 
which the  Earth r o t a t e s  one minute of angle  with r e spec t  t o  the Sun o r  
s t a r s .  It does so by v i r t u e  of having been defined t o  be the  angular  
minute- l ike  360(60)th o r  21,600th p a r t  of an i d e a l l y  conceived circum- 
ference of the  Earth of exac t ly  40,000,000 meters .  
This simply conceived d e f i n i t i o n  of t he  "geomile, MIL" u n i t  of 
length  makes 54 o r  2-33 such geomiles exac t ly  equiva len t  t o  100 
k i lometers  - and thereby provides f o r  convenient conversions among 
corresponding numbers of geomiles and numbers of the  bas i c  S I  meter 
u n i t  of exchange among any and a l l  such more s p e c i f i c a l l y  u se fu l  u n i t s  
of length .  I n  comparison, the  c u r r e n t  d e f i n i t i o n  of t he  I n t e r n a t i o n a l  
Naut ica l  Mile of e x a c t l y  1,852 o r  22m463 meters  is  e s s e n t i a l l y  the  
n e a r e s t  whole number approximation of the  r e a d i l y  ca l cu lab le  inverse  
conversion f a c t o r  of 1 0 ' / 2 * 3 ~  o r  1,851.851 *-• meters  per  geomile - 
and has thereby unnecessar i ly  introduced the inconvenient prime-number 
f a c t o r  of 463 i n t o  a l l  such conversions between corresponding numbers 
of ml l e s  and of t he  b a s i c  S I  meter u n i t  of exchange. 
The way i n  which t h e  geomile i s  def ined  a l s o  provides  f o r  simply 
and u s e f u l l y  i d e n t i f y i n g  i t s  60th p a r t  o r  second-l ike " s i l e ,  S'L" a s  
we l l  a s  i t s  6,000th p a r t  o r  cen t i s econd- l i ke  and f o o t - l i k e  "geofoot" o r  
" f i l e ,  F'L" geouni t  subdiv is ions  of the  i d e a l l y  conceived 40,000,000 
meter  circumference 02 t h e  Ear th .  Again, t he  conversion f a c t o r s  of 
0.0324 o r  22*34/104 s i l e s  p e r  meter  and 3.24 o r  22*34/102 geofee t  o r  
f i l e s  pe r  meter con ta in  no prime-number f a c t o r s  o the r  than 1, 2 ,  3  o r  5. 
In  a d d i t i o n ,  t he se  convenien t ly  Ea r th - r e l a t ed  and me te r - r e l a t ed  geouni t s  
of l eng th  a r e  very l i t t l e  more than 1 p a r t  i n  80 l a r g e r  than the  cu r r en t  
100- f e e t  of p r e s s u r e - a l t i t u d e  u n i t s  of " f l i g h t  a l t i t u d e "  and the  nominal 
Engl ish-foot  coun te rpa r t  of t he  l eng th  of anyone's and everyone 's  own 
foo t .  
Consequently numbers of geomiles,  s i l e s  and geo fee t  of p ressure-  
a l t i t u d e  can very  wel l  provide f o r  convenient coord ina t ion  of p a r t i c u l a r  
l e v e l s  i n  and of t he  atmosphere. For t h i s  purpose, uniform i n t e r v a l s  of 
1 geomile o r  60 s i l e s  of p r e s s u r e - a l t i t u d e  could we l l  be designated a s  
t he  mandatory r e p o r t i n g  l e v e l s  f o r  s tandard ized  meteoro logica l  mapping 
l e v e l s  a s  proposed i n  Table 4. An extremely wide range of choice would 
thereby be  provided f o r  whichever of 
1 s i x t y  s i l e ,  2 t h i r t y - s i l e ,  3  twenty-s i le ,  
4  f i f t e e n - s i l e ,  5 twe lve - s i l e ,  6  t e n - s i l e ,  
10 s i x - s i l e ,  12 f i v e - s i l e ,  15 f o u r - s i l e ,  
20 t h r e e - s i l e ,  30 two-s i le  o r  60 o n e - s i l e  
in te rmedia te  i n t e r v a l s  and/or  l e v e l s  might b e s t  s e rve  p a r t i c u l a r  
purposes i n  r e a d i l y  i d e n t i f i a b l e  and f u l l y  coord ina ted  ordinal-number 
r e l a t i o n s h i p  t o  whichever o the r  such i n t e r v a l s  might b e s t  s e rve  o the r  
p a r t i c u l a r  purposes .  
4. Geounits of Atmospheric Temperatures 
For example, convenient interpolations or extrapolations could 
thereby well be made to intermediate flight levels such as the current 
1000-feet, 10-sile or 116-geomile intervals between Eastward and West- 
ward flights or to the intermediate 500-foot, 5-sile, or 1112-geomile 
intervals for Northward or Southward flights. It is especially impor- 
tant in this regard to be able to make precise hydrostatic computations 
of the basic pressure-height state of the atmosphere at any and all 
such flight levels in order to utilize the single-heading or altimetric- 
drift forms of the geostrophic wind equation(')' ( 6 ) '  (7) .  The difficulty 
of such calculations in terms of either feet or meters of elevation and 
numbers of millibars of pressure has, however, restricted such wind 
determinations in current meteorological practice almost entirely to 
those few mandatory reporting levels for the round numbers of millibars 
listed in Table 3. 
In contrast, the height-like pressure-altitude measure of atmos- 
pheric pressures provides(1) for converting Equation 4 into the 
extremely simplified residual form of the hydrostatic equation 
The "S-values" of this equation are usefully identified as being either 
the "Residual Altimetric Scale Factor" 
between the geometric measures of the elevation E and barometric 
measures of the pressure-altitude A in and of the atmosphere; or as 
the hydrostatically equivalent "Specific Temperature Anomaly" 
of the "Virtual Temperature, T*' of the actual atmosphere with respect 
to the prescribed values of the "Ideal Atmospheric Reference Tempera- 
ture, TA, for particular pressure-altitudes, A (which is simply identi- 
fied elsewhere in this discussion as being the Ideal Geo-Atmospheric 
Temperature, T) . 
The non-dimensional r e s i d u a l  S-value measure of atmospheric 
temperatures has  been found t o  be very use fu l  both f o r  naviga t iona l  (8) 
and meteoro logica l (9)  purposes.  I ts f u l l  u t i l i t y  r equ i r e s ,  however, 
t h a t  i t s  numerical r e l a t i o n s h i p  t o  o the r  measures of temperature - 
such a s  e s p e c i a l l y  t o  numbers of degrees c e l s i u s  - be a s  u s e f u l l y  
convenient a s  poss ib l e .  Toward t h i s  end, the symbol TA i n  the  denomi- 
n a t o r  of Equation 18 can very we l l  be eva lua ted  a s  number T ~ / ' A  of 
"Absolute Atmospheric Degrees, 'A" ; defined i n  accordance wi th  the  
equat ion  
T,/OA = T A / O C  + 273 (19) 
t o  be exac t ly  equal  t o  numbers of c e l s i u s  o r  cent igrade  degrees,  T ~ / ' c ,  
p lus  t he  i n t e g r a l  number 273. 
The use of the a d d i t i v e  conversion f a c t o r  of 273 in s t ead  of t he  
f a c t o r  273.15 between degrees c e l s i u s  and the  ke lv in  measure of tempera- 
t u r e  e x p l i c i t l y  recognizes  t he  f a c t  t h a t  the  ke lv in  measure p e r t a i n s  t o  
an  extremely genera l ized  I d e a l  Gas f o r  which p = RpT.  A more p r e c i s e  
equat ion of s t a t e  f o r  a c t u a l  gases  can thereby we l l  be expressed (10) as 
p = cRpT (20) 
i n  which the  c o e f f i c i e n t  c can be evaluated with an  equat ion such a s  
Aaa c = l - -  - -  Aaaa 2 - . a .  
RT RT 
i n  terms of temperature dependent " v i r i a l  c o e f f i c i e n t s ,  Aaa and Aaaal'. 
For dry  a i r  the  c o e f f i c i e n t  c has the  numerical values 
Consequently "Absolute V i r i a l  Temperatures, TV = cT" f o r  dry  a i r  
a r e  r e l a t e d  t o  Degrees Ce l s iu s  by the fol lowing a d d i t i v e  conversion 
f a c t o r s  
The i n c l u s i o n  of f r a c t i o n s  of degrees  i n  any such g e n e r a l l y  a p p l i c a b l e  
convers ion  f a c t o r  i s  the reby  seen t o  be unwarranted;  and t h e  number 273 
i s  a s  t y p i c a l l y  r e p r e s e n t a t i v e  a s  any one i n t e g r a l  number of degrees  can 
p r a c t i c a b l y  be f o r  a l l  such convers ions  i n  which v a r i a t i o n s  a s s o c i a t e d  
w i t h  s p e c i f i c  t empera tu res ,  p r e s s u r e s ,  water-vapor  c o n t e n t ,  e t c .  need 
n o t  be t aken  i n t o  e x p l i c i t  account .  
This  p a r t i c u l a r  number 273 a l s o  happens t o  p rov ide  f o r  ex t remely  
conven ien t  h y d r o s t a t i c  computat ions  w i t h  Equat ion 16 - i n  which t h e  
v a l u e s  of I d e a l  Geo-Atmospheric Temperature,  TA, need t o  be c a l c u l a t e d  
a s  a  d e f i n e d  f u n c t i o n  o f  p r e s s u r e - a l t i t u d e ,  A.  Such computat ions  have 
been g r e a t l y  s i m p l i f i e d  by t h e  f o r t u n a t e  c i rcumstance  t h a t  t h e  Zero- 
A l t i t u d e  t empera tu re  oE t h i s  and p r e v i o u s  Standard Atmospheres have been 
d e s i g n a t e d  a s  b e i n g  1 5 ' ~ ~  o r  hence t o  be e x a c t l y  e q u i v a l e n t  t o  1 9 2 7 3 ,  
288 o r  25 0 3 ~  of t h e  "Absolute  Atmospheric Degrees,  'A". Consequently 
t h e  computat ions  of e q u a t i o n s  16 and 1 8  f o r  t h e  Zero-Al t i tude  l e v e l  i n -  
v o l v e s  s u c c e s s i v e  m u l t i p l i c a t i o n s  o r  d i v i s i o n s  by and on ly  by 2  and 3 .  
A s i m i l a r  convenience of m u l t i p l i c a t i o n  o r  d i v i s i o n  by T ~ / O A  a l s o  
happens t o  be provided by t h e  v e r t i c a l  d i s t r i b u t i o n  of I d e a l  Geo- 
Atmospheric Temperatures s p e c i f i e d  i n  Table 1. This  p a r t i c u l a r  d e f i n i -  
t i o n  h a s  p u r p o s e f u l l y  been s e l e c t e d  t o  p r o v i d e  a s  c o n v e n i e n t l y  u s e f u l  
computat ions  a s  p o s s i b l e  between nl~mbers T /'c of  t h e  i d e a l i z e d  tempera- A 
t u r e  a t  each such a l t i t u d e  - c o n s i s t e n t  wi th  a l s o  b e i n g  a s  t y p i c a l l y  
r e p r e s e n t a t i v e  a s  any one such numbers can p r a c t i c a b l y  be of t h e  
t empera tu res  (I1' of  t h e  1962 U.S. Standard Atmospheres and,  the reby ,  of 
t h e  t empera tu re  a t  a  p a r t i c u l a r  a l t i t u d e  a t  any and a l l  h o r i z o n t a l  
p o s i t i o n s  and t imes i n  t h e  a c t u a l  atmosphere.  It  h a s  proven t o  be 
p o s s i b l e  t o  do s o  w i t h  o n l y  t h e  ex t remely  conven ien t  numerical  v a l u e s  
of i d e a l i z e d  l a p s e  r a t e s  of e x a c t l y  0 ;  6 ' ~  p e r  geomile,  1°c p e r  
thousand g e o f e e t  o r  0 . 1 ' ~  p e r  s i l e ;  and - 1 2 ' ~  per geomile,  2 ' ~  p e r  
thousand g e o f e e t  o r  0 . 2 ' ~  p e r  s i l e .  A s  a  consequence i t  a l s o  happens 
t o  provide f o r  t he  convenience of having t o  mu l t ip ly  o r  d iv ide  i n  
Equations 16  and 18  by the  convenient cons tan t  conversion f a c t o r s  T ~ / O A  of :  
2 1 6 = 6 ~ = 2 ~  *33 throughout the i d e a l  isothermal  region of 
- 5 7 ' ~  between 6 and 15 geomiles of a l t i t u d e ;  
2 7 0 = 3 ~  el0 throughout the  i d e a l  isothermal  region of 
- 3 ' ~  between 24 and 30 georniles of a l t i t u d e ;  and 
180=2 *32*10 throughout the  i d e a l  isothermal  reg ion  of 
- 9 3 ' ~  between 45 and 48 geomiles of a l t i t u d e .  
5. Grav i t a t i ona l  Geounits 
The g r a v i t a t i o n a l  f i e l d  of t he  I d e a l  Geosphere has a l s o  purpose- 
Eul ly been defined t o  provide f o r  a s  convenient end-use c a l c u l a t i o n s  
t h a t  involve the  weight - l ike  geounits  of force  a s  p r a c t i c a b l e .  Toward 
t h i s  end, the a c c e l e r a t i o n  of g rav i ty ,  go, throughout the I d e a l  Bio- 
sphere a t  t he  Zero A l t i t u d e  l e v e l  of the  I d e a l  Atmosphere has  been 
1 designated a s  being one geounit  of a c c e l e r a t i o n ,  g, of 
go = 1 Ig  = 10/1.0206 o r  10 ' / 2*3~*7  m / s 2 .  
This p a r t i c u l a r  number of the  S I  meters  per  second squared medium of 
exchange f o r  u n i t s  of a c c e l e r a t i o n  has been s e l e c t e d  t o  conta in  a s  few 
l a r g e  prime-number f a c t o r s  a s  p r a c t i c a b l e  - c o n s i s t e n t  wi th  i t s  a l s o  
being near  the  middle of the  range of v a r i a b i l i t y  of t he  observed 
a c c e l e r a t i o n s  of g r a v i t y  throughout the  land and water su r f ace  of t he  
Earth.  
This d e f i n i t i o n  of t he  "one gee" u n i t  of a c c e l e r a t i o n  provides 
e s p e c i a l l y  f o r  convenient ly-useful  exact ly-defined equivalences such 
a s  among 
32*7/2*10,  63/20 o r  3.15 "geogees, Ig" and 
1 geofoot  per  second pe r  cent isecond,  
1 geofoot pe r  decisecond squared, 
1 s i l e  pe r  second squared, 
1 geomile per  minute pe r  second, o r  
1 d i l e  per  minute squared; 
o r  3 . 7 1 2 ~ ~  2114 o r  5.25 "cen t igees"  and 
1 geomile p e r  minute  squared ,  
1 geomile p e r  hour  p e r  second o r  
1 (geo)knot  p e r  second. 
I n  comparison,  t h e  inconven ien t  prime-number f a c t o r  of 28,019 i s  
u n n e c e s s a r i l y  in t roduced  i n t o  a l l  such computat ions  t h a t  i n v o l v e  u n i t s  
of f o r c e  and E a r t h - r e l a t e d  u n i t s  of a c c e l e r a t i o n  by t h e  c u r r e n t  usage 
o f  t h e  S tandard  A c c e l e r a t i o n  of G r a v i t y  f o r  mean s e a  l e v e l  and 45' of 
l a t i t u d e  o f  
t o  d e f i n e  w e i g h t - l i k e  u n i t s  o f  f o r c e .  
The a c c e l e r a t i o n  of g r a v i t y  i s  a l s o  i d e a l l y  conceived t o  va ry  
i n v e r s e l y  w i t h  t h e  s q u a r e  of r a d i a l  d i s t a n c e s  a s  d e f i n e d  i n  Equat ion 6  
t o  p rov ide  a  smooth t r a n s i t i o n  t o  i d e a l i z e d  computat ions  o f  t h i n g s  such 
a s  t h e  o r b i t a l  p e r i o d s  of s a t e l l i t e s  i n  t h e  a i r l e s s  b u t  f u l l - o f - f i e r y -  
energy  "Pyrospher ic"  p o r t i o n  of t h e  Geosphere. The compl ica t ions  of 
c o n s i d e r i n g  d e v i a t i o n s  from t h e  i n v e r s e  square- law due t o  l a t i t u d e -  
dependent e f f e c t s  of E a r t h - r e l a t e d  c e n t r i f u g a l  f o r c e s  have been purpose- 
f u l l y  e l i m i n a t e d  f o r  t h i s  world-wide a l t i t u d e - d e f i n i n g  purpose ,  and 
p e r t u r b a t i o n s  due t o  t h e  Sun 's  g r a v i t a t i o n a l  f i e l d  have been shown ( 1  2  
t o  be  of t h e  o r d e r  of 
1 p a r t  i n  13,000,000 throughout  t h e  range o f  a l t i t u d e s  up t o  t h e  
nominal 48 geomile a l t i t u d e  of t h e  top  o f  
t h e  I d e a l  Atmosphere, 
1 p a r t  i n  43,000 a t  t h e  6.62 " r a d i l e "  r a d i u s  of synchronous 
E a r t h - s a t e l l i t e s ;  
1 p a r t  i n  60 a t  t h e  v e r y  n e a r l y  60 and 318 " r a d i l e "  
r a d i u s  of t h e  Moon's o r b i t ,  and 
1 p a r t  i n  1 a t  t h e  nominal o u t e r  e x t e n t  of t h e  Ear th -  
c e n t e r e d  Geosphere of 235 " r a d i l e s "  a t  
v e r y  n e a r l y  1/100 of t h e  Astronomical  Uni t  
d i s t a n c e  t o  t h e  Sun. 
I n  t h i s  r e g a r d ,  t h e  " r a d i l e "  g e o u n i t  o f  l e n g t h  h a s  been d e f i n e d  by 
s imply conce iv ing  o f  i t  a s  be ing  t h e  s i n g l e  1 / 2 n  r a d i a l  f r a c t i o n  of a n  
i n f i n i t e s i m a l l y  t h i n  I d e a l  S p h e r i c a l  Biosphere  w i t h  a n  i d e a l l y  d e f i n e d  
"1 c i r c i l e ,  C'L" c i rcumference  of e x a c t l y  40,000,000 S I  m e t e r s .  This 
d e f i n i t i o n  t h a t  
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1 r a d i l e ,  R'L = 4e107/2n o r  abou t  6,366,198 m e t e r s  
o r  1 r a d i l e ,  R'L = 21,600/2n o r  abou t  3,437.75 geomiles  
v e r y  w e l l  p r o v i d e s  f o r  e v a l u a t i n g ,  comparing and i n t e r p r e t i n g  more 
d e t a i l e d  c o n s i d e r a t i o n s  of E a r t h - r a d i i  f o r  s p e c i f i c  h o r i z o n t a l  p o s i -  
t i o n s .  For  example, t h e  much more complicated mean s e a  l e v e l  s u r f a c e  
- .  
of t h e  U.S. Standard Atmosphere, 1962(11) i s  d e f i n e d  t o  be a n  e l l i p s o i d  
of r e v o l u t i o n  w i t h  
E q u a t o r i a l  R a d i i ,  a ,  of  6,378,178 m e t e r s ,  
A F l a t t e n i n g  F a c t o r ,  f = ( a - b ) / a  o f  1/298.32,  
P o l a r  R a d i i ,  b, of  6,356,798 m e t e r s ,  and a 
Nominal Zero-Al t i tude  Radius3 ro, a t  45, o f  L a t i t u d e  of 
r0(45') = (a4+b4)/(a2+b ) of 6,367,,532 m e t e r s  
o r ,  more i n f o r m a t i v e l y  i n  terms of t h e  s imply conceived r a d i a l - r e f e r e n c e  
o r  " r a d i l e "  u n i t  o f  l e n g t h ,  a s  hav ing  
E q u a t o r i a l  R a d i i ,  r (0') = l+. 001882 r a d i l e s ,  
P o l a r  R a d i i ,  r(90') = 1- .001477 r a d i l e s  and 
45' R a d i i ,  r (45') = l+. 000210 r a d i l e s .  
S i g n i f i c a n t l y  i n  t h i s  r e g a r d ,  t h e  i d e n t i f i c a t i o n  of p o t e n t i a l -  
energy  s u r f a c e s  i n  t h e  U.S. Standard Atmosphere, 1962 w i t h  h e i g h t - l i k e  
numbers of " g e o p o t e n t i a l  a l t i t u d e ,  HI1 d e f i n e d  by a n  e q u a t i o n  such a s  
i n  terms of "geometr ic  a l t i t u d e s ,  Z" t ends  s t r o n g l y  t o  confuse  t h e  
meaning o f  t h e  world " a l t i t u d e " .  Ra ther ,  it i s  proposed h e r e  t h a t  
" a l t i t u d e "  b e  u t i l i z e d  a s  a  g e n e r i c  term f o r  each of t h e  geometr ic ,  
p r e s s u r e ,  d e n s i t y  a n d / o r  p o t e n t i a l - e n e r g y  k i n d s  o f  " a l t i t u d e " . .  Cons tan t  
. 
v a l u e s  of each such d i f f e r e n t  k i n d  o f  " a l t i t u d e "  can t h e n  w e l l  be simply 
conceived t o  c o i n c i d e  i n  t h e  I d e a l  Atmosphere - and t h e  s l i g h t l y  d i f f e r -  
i n g  v a l u e s  of each of them a t  any one s p e c i f i c  p o s i t i o n  i n  t h e  a c t u a l  
atmosphere can v e r y  w e l l  s e r v e  i n d i v i d u a l l y  t o  i d e n t i f y  
o  Geometric measures of e l e v a t i o n s  above mean s e a  l e v e l  
t h a t  a r e  e q u a l  t o  v a l u e s  of "geometr ic  a l t i t u d e " ;  
o  Those p r e s s u r e s  t h a t  a r e  d e f i n e d  by t h e  e q u a t i o n s  of Table 2  
t o  correspond t o  p a r t i c u l a r  v a l u e s  of " p r e s s u r e  a l t i t u d e "  i n  
and of t h e  I d e a l  Atmosphere; 
o  Those d e n s i t i e s  t h a t  a r e  d e f i n e d  by Equat ion 1 and t h e  
e q u a t i o n s  of Table  2 t o  correspond t o  p a r t i c u l a r  v a l u e s  
of " d e n s i t y  a l t i t u d e "  i n  and of t h e  I d e a l  Atmosphere, and 
o  Those p o t e n t i a l  e n e r g i e s ,  G ,  t h a t  a r e  d e f i n e d  by 
t o  correspond t o  p a r t i c u l a r  v a l u e s  o f  " p o t e n t i a l - e n e r g y  
a l t i t u d e "  i n  and of t h e  I d e a l  Geosphere. 
6. Geouni ts  of P r e s s u r e  and Dens i ty  
The s e l e c t i o n  of t h e  Zero-Al t i tude  P r e s s u r e ,  po,  of "1 atmosphere 
o f  p ressure"  a l s o  depends upon t h e  nominal v a l u e  of g r a v i t a t i o n a l  
a c c e l e r a t i o n  w i t h  which i t  i s  a s s o c i a t e d .  C u r r e n t l y ,  t h e  normal 
a tmospher ic  p r e s s u r e  of 760 m i l l i m e t e r s  of mercury i s  a s s o c i a t e d  w i t h  
1013.25 m i l l i b a r s  o r  101,325 of  t h e  S I  newton p e r  square  mete r  u n i t  of 
p r e s s u r e  when t h e  mercury column i s  s u b j e c t  t o  a  g r a v i t a t i o n a l  a c c e l e r a -  
t i o n  of 9.80665 m e t e r s  p e r  second squared.  The tnconven ien t  prime-number 
f a c t o r s  of t h i s  u n i t - d e f i n i n g  number 101,325 = 3*52*7*193  can t h e r e f o r e  
w e l l  be e l i m i n a t e d  i n  a s s o c i a t i o n  w i t h  t h e  change t o  t h e  much more con- 
v e n i e n t l y  u s e f u l  lg  g e o u n i t  of a c c e l e r a t i o n  by d e f i n i n g  t h e  "1 atmos- 
phere" g e o u n i t  of p r e s s u r e  t o  be 
p, = 101,250 o r  3* *53 -10 S I  newtons p e r  s q u a r e  mete r .  
Th i s  p a r t i c u l a r  Zero-Al t i tude  P r e s s u r e  corresponds t o  760.096 
m i l l i m e t e r s  of mercury o r  o n l y  abou t  a  n e g l i g i b l e  0.004 i n c h e s  o f  
mercury more t h a n  t h e  a e r o n a u t i c a l l y  f a m i l i a r  29.92 i n c h e s  of mercury 
when i t  i s  s u b j e c t  t o  1 geogee u n i t  of a c c e l e r a t i o n .  I n  a d d i t i o n ,  i t  
i s  e x a c t l y  e q u i v a l e n t  t o  1.00442348 t imes 400 of t h e  'T1p o r  " t h i l e - s c a l e "  
g e o u n i t s  of p r e s s u r e .  There fore  t h i s  "1 atmosphere1' of p r e s s u r e  can 
a l s o  w e l l  be cons idered  w i t h  s u f f i c i e n t  p r e c i s i o n  f o r  most purposes  t o  
be e q u i v a l e n t  t o  t h e  increment  of p r e s s u r e  e x e r t e d  by 400 geoinches  of 
I d e a l  Water o r  by t h i r t y - t h r e e  and a  t h i r d  g e o f e e t  of I d e a l  Water sub- 
j e c t  t o  1 gee of g r a v i t a t i o n a l  a c c e l e r a t i o n .  
The I d e a l  Zero-Al t i tude  Dens i ty ,  p, can i n  t u r n  w e l l  be t h e  same 
nominal v a l u e ,  namely 
po = 1.225 or 52*72/103 SI kilograms per cubic meter, 
that was adopted for the 1962 U.S. Standard Atmosphere. These defini- 
tions of po and po in association with the assignment of 288 for the 
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number of "Absolute Atmospheric Degrees, A" of Zero-Altitude Tempera- 
tures, To, essentially specifies that the gas constant, R, throughout 
the Ideal Atmosphere has the numerical value of 
and is only about 2.3 parts per 10,000 smaller than the gas constant 
adopted for the 1962 U.S. Standard Atmosphere. The hydrostatically 
useful "zero-altitude autoconvective lapse rate, go/RM thereby has 
ideally defined numerical values of 
go/R = 25*7*103/38 or about 34.1411 OC per kilometer 
= Z4 - 7  *10'/3" or about 63.2243 'C per geomile 
R/go = 38/25*7 0 and or about 29.2902 meters per C 
0 
= 311/24*7e105 or about 0.0158167 geomiles per C. 
This value of R can well be conceived to pertain to "dry air", the 
deviations of actual moist air from which can well be accounted for in 
the "Virtual Temperature, T:'" of Equations 16 and 18. Such "virtual 
(1 1 temperatures" can also be utilized to account for deviations of 
actual accelerations of gravity, g-k, from the ideal values of g that 
are defined by Equation 6 for a particular altitude, A. That overall 
"virtual temperature, T*" is essentially the temperature that the gas 
of the Ideal Atmosphere subject to the ideal acceleration of gravity g 
would need to have if its weight per unFt volume were to be equal to 
that of an actual gas at the same pressure, with a temperature T, with 
a mixing ratio fraction w of water vapor per unit mass of dry air, and 
subject to a gravitational acceleration g!:. Accordingly (1) 
or, for convenient difference calculations, 
in which 0.6078 = 1-1/0.62917 and the number 0.62917 is an ideally 
assumed ratio(lO) of the molecular weights of water vapor and dry air. 
7. Comparisons of Pressure-Altitudes 
It is especially important for evaluations of the relative merits 
of this Ideal Geo-Atmosphere and previous Standard Atmospheres to 
recognize a subtle but very important difference of their basic purposes. 
On the one hand, for example, the basic purpose of the 1962 U.S. Standard 
Atmosphere is explicitly specified (I1) as being the largely descriptive 
one of depicting 'I*** idealized middle-latitude year-round conditions ***'I 
in terms of previously established units such as meters or feet and 
millibars. On the other hand, the Ideal Geo-Atmosphere is - in addition - 
also explicitly intended to serve as a unit-defining basis for as use- 
fully convenient evaluations as possible of the state of the actual 
atmosphere at specific positions and times. 
As indicated in the preceding discussion, this additional purpose 
is served primarily by defining a pressure-altitude coordinate for 
numbering the actual atmosphere's constant-pressure and very nearly 
constant-potential-energy levels(2) with numbers that correspond as 
closely as possible to their geometric altitudes above the litho- 
sphere's and hydrosphere's mean sea level surface. The residual D-value 
differences between those geometric and barometric kinds of vertical 
coordinates at specific positions and times in the actual atmosphere 
thereby also provide for highly informative evaluations and depictions 
of: 
o Atmospheric temperatures in terms of the vertical rates of 
change of D-values in accordance with the extremely simplified 
hydrostatic Equation 16; and 
o The wind-velocity differences of the motions of the atmosphere 
and lithosphere with respect to the fixed stars that are 
associated with the differences of their constant potential- 
energy surfaces in accordance .with the geostrophic and gradient 
wind equations. 
Trie degree to which the Ideal Geo-Atmosphere and 1966 U.S. Standard 
Atmosphere correspond to each other and to the range of variability of 
actual mid-latitude atmospheric temperatures (I1) is illustrated in 
Table 1. The degree to which corresponding values of pressure-altitudes 
d i f f e r  a r e ,  i n  t u r n ,  p r o p o r t i o n a l  t o  t h e  a r e a s  between t h e  s o l i d  and 
dashed t empera tu re  t r a c e s  and have been t a b u l a t e d  i n  t h e  t h i r d  and 
f i f t h  I'A1l columns of Table  2. The I d e a l  Geo-Atmosphere i s  the reby  seen 
t o  be a s  t y p i c a l l y  r e p r e s e n t a t i v e  o f  s p e c i f i c  thermodynamic s t a t e s  of 
t h e  atmosphere a s  any one such i d e a l i z a t i o n  can p r a c t i c a b l y  be expec ted  
t o  be - and which a l s o  p rov ides  f o r  t h e  extreme computat ional  and 
c o o r d i n a t i v e  u t i l i t y  o f  nominal l a p s e  r a t e s  of 
- 1 2 ' ~  o r  zk 6 ' ~  p e r  geornile o r  
- 2 ' ~  o r  f 1°c p e r  thousand g e o f e e t  
between i s o t h e r m a l  l a y e r s  w i t h  such u s e f u l l y  d e f i n e d  t empera tu res  a s  
216 o r  63 'A, 270 o r  3"*10 'A and 180 o r  ~ * 3 ~ * 1 0  'A 
and between such e a s i l y  remembered and u s e f u l l y  round a l t i t u d e  numbers a s  
0 ,  6, 15 ,  24, 30, 45 and 48 
of t h e  geomile s u b d i v i s i o n s  of t h e  nominal 60-geomile " d i l e "  l e n g t h  of 
1-degree  s u b d i v i s i o n s  of t h e  E a r t h ' s  g r e a t - c i r c l e  c i rcumferences .  
I n  a d d i t i o n ,  t h e  d i f f e r e n c e s  between t h e  I d e a l  Geo-Atmosphere's 
and e i t h e r  of t h e  1962 Standard Atmosphere's g e o p o t e n t i a l  o r  geometr ic  
a l t i t u d e s  f o r  p a r t i c u l a r  p r e s s u r e s  a r e  s e e n  i n  t h e  t h i r d  and f i E t h  
coluimns of Table  3  t o  be l e s s  than t h e  o r d e r  of 100 f e e t  throughout  t h e  
range of a l t i t u d e s  up t o  t h e  20-k i !~mete r  o r  65,000-foot  l e v e l  - aqd 
throughout  which t h e  1954 Standard Atmosphere o f  t h e  I n t e r n a t i o n a l  C i v i l  
A v i a t i o n  Organ iza t ion  and t h e  1g62 U.S. Standard Atmosphere a r e  p r a c t i -  
c a l l y  e q u i v a l e n t  and a r e  c u r r e n t l y  used t o  c a l i b r a t e  p r e s s u r e  a l t i m e t e r s .  
Such d i - f fe rences  a r e  p r a c t i c a l l y  n e g l i g i b l e  f o r  most c u r r e n t  a e r o n a u t i c a l  
purposes  - and t h e  much more c o n v e n i e n t l y  u s e f u l  I d e a l  Geo-Atmosphere 
could  w e l l  be adopted f o r  h i g h e r  a l t i t u d e s  b e f o r e  s u p e r s o n i c  a n d / o r  
ae rospacep lane  f l i g h t s  a t  such h i g h e r  a l t i t u d e s  become commocplace. 
8. Conclusions  
I n  concluding summary, t h e  newly formulated Geospher ic  System of 
U n i t s  and t h e  a s s o c i a t e d  I d e a l  Geo-Atmosphere a r e  t h e r e b y  seen  t o  o f f e r  
a  v e r y  promising p r a c t i c a l  way t o  c o o r d i n a t e  t h e  v e r t i c a i  p o s i t i o n s  of 
t h i n g s  i n  and o f  t h e  atmosphere i n  and between m e t e o r o l o g i c a l  and 
a e r o n a u t i c a l  o p e r a t i o n s  throughout  t h e  world .  
The e v o l u t i o n  toward such f u l l y  coord ina ted  world-wide p r a c t i c e s  
could  w e l l  be  i n i t i a t e d  by f i r s t  u t i l i z i n g  them i n  m e t e o r o l o g i c a l  
p r a c t i c e .  The b a s i c  m e t e o r o l o g i c a l  advantage of do ing  s o  would be t o  
p rov ide  f o r  e s t a b l i s h i n g  mandatory r e p o r t i n g  and mapping l e v e l s  a t  t h e  
uniform and h i g h l y  s u b d i v i s i b l e  1-geomile i n t e r v a l s  of - p r e s s u r e - a l t i t u d e  
l i s t e d  i n  Table 4 - i n s t e a d  of a t  t h e  v i r t u a l l y  random i n t e r v a l s  l i s t e d  
i n  t h e  l a s t  two columns of Table 3 between t h o s e  few l e v e l s  t o  which 
g e o s t r o p h i c  and g r a d i e n t  wind c o n s i d e r a t i o n s  a r e  c u r r e n t l y  r e s t r i c t e d  
by t h e  d i f f i c u l t y  o f  h y d r o s t a t i c  computat ions  i n  terms of numbers of 
m i l l i b a r s .  
The convers ion  of t h e  c u r r e n t  world-wide a e r o n a u t i c a l  usage of 
Engl i sh  f e e t  t o  t h e  much more u s e f u l l y  and l o g i c a l l y  E a r t h - r e l a t e d  
g e o f e e t ,  " s i l e s "  and geomiles could  t h e n  w e l l  be d e f e r r e d  u n t i l  f l y e r s  
throughout  t h e  world have become thoroughly  f a m i l i a r  w i t h  t h e i r  
m e t e o r o l o g i c a l  usage.  During t h a t  t r a n s i t i o n  p e r i o d ,  t h e  d i f f e r e n c e s  
of t h e  v e r t i c a l  p o s i t i o n s  of round numbers of 100 E n g l i s h - f o o t  f l i g h t -  
l e v e l s  and of 100-geofoot  o r  " s i l e "  mapping l e v e l s  l i s t e d  i n  t h e  l a s t  
t h r e e  columns of Table  4 would need t o  be t aken  i n t o  e x p l i c i t  account  
i n  o n l y  t h o s e  r e l a t i v e l y  r a r e  i n s t a n c e s  t h a t  p r e c i s e  comparisons a t  
t h e  h i g h e r  a l t i t u d e s  might  be r e q u i r e d .  
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Table  3 
COMPARISON OF PRESSURE-ALTITUDES 
M i l l i b a r s  
0 f  
P r e s s u r e  
1000 
850 
700 
500 
400 
1962 Std .  
G e o p o t e n t i a l  
Meters  A 
111 6 
1,457 5 
3,012 4 
5,574 1 
7,185 - 4 
Mete rs  
of Geo- 
A1 t i t u d e  A 
105 6 
1 ,452 5 
3,008 5 
5,575 4 
7,189 4 
1962 Std .  
Geometric 
Meters  
Geo-Miles Geo-Miles 
o f  Geo- o f 
A l t i t u d e  Thickness  
Table  4 
PROPOSED CONSTANT PRESSURE MAPPING LEVELS 
Geo-Miles 
of Geo- 
A1 t i t u d e  
M'L 
Geo-Alt i tude 
Re f  e r e n c e  
Tern e r a t u r e  
"C gA O A 
M i l l i b a r s  
0 f  
P r e s s u r e  
mb 
Mete rs  1962 Std. Geo- S i l e s  
of Geo- G e o p o t e n t i a l  o f  Geo- 
A l t i t u d e  F l i g h t  Leve l s  A l t i t u d e  
m 1 0 0 ' s  o f  f e e t  A S'L 
0 0.2 0.2 0 
1 ,851 .851***  60.9 0.9 60 
3,703.703*** 121.6 1.6 120 
5 ,555.555*** 182.2 2.2 180 
7 ,407 ,407- -*  242.8 2.8 240 
9 ,259.259**-  303.4 3.4 300 
